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Abstract 
Aluminum foams already are in automotive and machine tool industry serial application. Only little interest has been shown by 
the construction or building industry so far. The still relatively high material costs, lack of connecting and joining techniques, as 
well as reservations of the users towards new material solutions are the reasons why. In the building industry design for 
efficiency is taking into account the principles of lightweight material and structure. 
Especially sandwich panels with aluminum foam core are of high interest. The high rigidity with low weight and high resistance 
to fire are the major advantages of these panels. Also these semi-finished materials shield electromagnetic waves and show 
extensive vibration reduction and sound insulation. Combining the sandwiches with additional functions such as cooling and 
heating by integrated tubes is one example. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In collaboration with steel, aluminum foam is perfectly suited for light-weight design, in particular as sandwich 
structure with cover sheets. Those sandwiches are highly versatile and convince due to their excellent properties. 
That is why they are ideal for an employment in the building industry: 
- high bending stiffness with low weight, 
- effective shielding against electromagnetic waves, 
- burning resistance, 
- acoustic insulation, 
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- energy absorption and vibration reduction. 
A possible field of application for sandwich panels is the industrial construction and hall building. At this point, 
semi-finished products can take up both supporting and stabilizing functions instead of wall bracing and bay rail. 
Due to a relatively high melting range of the aluminum foam and its cellular structures it has high potential for 
application in fire protection, especially in production halls and offices. The sandwich panels can work as wall and 
ceiling elements in order to reduce footfall sound. Another application could be fire prevention bulkheads between 
the single production- / and office sections. 
For the assembly of aluminum foam semi-finished products among themselves or with other materials, 
practicable joining processes and joining elements were needed. Welding can be considered as an established 
procedure in order to join prefabricated raw materials to larger elements or assemblies. Afterwards these elements 
can be installed at the building site by means of screwing. 
In the following, first prototypical applications are described for aluminum foam semi-finished parts in the 
building industry. Results of current R&D activities are presented that focus on the enhancement of the 
characteristics portfolio of aluminum foam semi-finished parts. 
2. First Prototypical Applications 
Aluminum foam semi-finished parts in the form of sandwich panels are preferably used for decorative purposes 
and acoustic insulation mostly as facade- and wall elements (Hipke et al. (2007)).  
The usage of semi-finished materials as supporting structures has also been considered. A temporary car park 
with nine floors and 216 parking spaces was designed. Instead of the commonly installed concrete floor sandwiches 
with steel cover sheets and aluminum foam core have been used. That way a weight reduction of up to 30 % was 
achieved.  
An anti-slip coating that is working as corrosion protection as well has been applied to enable trafficability for 
passenger cars in a wet weather conditioned surrounding (Kräusel et al. (2007)). 
Aluminum foam has high potential for balcony units as well. Conventional solutions with balcony plates are very 
heavy and require a high transportation- and installation effort. Especially for the application „retrofitting / 
rehabilitating of balconies“, the concept of „reinforced aluminum foam“ was designed within a R&D plan. It 
includes the reinforcement of aluminum foam plates with steel textiles as top layer instead of cover sheet metal 
plates. This implies a significant mass reduction. In particular, semi-finished parts demonstrate advantages on tensile 
and bending loads. The walk-in balcony base slab built for demonstration purpose has shown that the concept is 
working well (Figure 1). 
The shown balcony platform consists of three adjacent steel mesh reinforced aluminum foam plates with a 
dimension of 1.5 m x 1.0 m. Each of the self-supporting panels weighs only approx. 50 kg. An alternative reinforced 
concrete slab with a density of 2.4 g/cm3 comes to 1.600 kg. This heavy weight results from structural rules. To 
obtain a sufficient corrosion resistance of the concrete-reinforcement the slab needs at least 150 mm of thickness. 
Thus, a reinforced concrete slab has a 10-times higher weight than the three steel mesh reinforced aluminum foam 
plates. Using these sandwich panels, a segmented construction is possible. That way each one can be exchanged in 
case of damages or renovation. 
 
 
Figure 1. Balcony with reinforced sandwiches (Ryband et al. (2011) Teil 2) 
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3. Experimental Approach 
For using aluminum foam semi-finished parts in the building industry, the sandwich panels need to be officially 
approved requiring the determination of characteristic values. Selected results for individual parameters are 
presented below. 
3.1. Bending Stiffness and Load Carrying Capacity 
It is a fact that sandwiches show a high flexural rigidity due to their high moments of inertia. A sandwich with a 
14 mm aluminum foam core and two steel cover sheets of 1 mm thickness has the bending stiffness of a 10 mm steel 
plate. A simultaneous weight reduction of 65 % is quite remarkable! Aluminum foam composites make significant 
weight savings towards massive steel- or aluminum plates. Moreover, sandwich semi-finished products with steel 
cover sheets can easily be joined to large constructions or composites by means of welding. That way the realization 
of lightweight constructions is getting simpler (Ryband et al. (2011) Teil I). 
3.2. Joining 
Welding is particularly suitable for flush tight joints between and with the plates. Laser beam- and gas-shielded 
arc welding are the most common welding methods used for sandwich panels. Prefabrication of the plates by 
welding is recommended. The final assembly has to take place at the building site using appropriate joining 
methods. 
Scientific investigations showed that welding of the sandwich cover sheets only is sufficient as joining of foam 
cores insignificantly enhances the composite stiffness. A local damage of the foam doesn´t cause any disadvantages 
for the composite stiffness.  
It should be ensured, however, that no aluminum drops into the molten pool during welding. As a result, the 
formation of intermetallic phases (Al5Fe2, FeAl3) would cause the steel to become brittle (Hipke et al. (2007), 
Aluminium Centrale (1999), Verlag Stahleisen GmbH (1999)).  
The simplest approach to join aluminum foam semi-finished products with each other or with other building 
material is by screwing. Evidence has been provided that metal, tapping and wood screws as well as metric screws 
are suitable as joining means.  
However, the plates to be joined need to be arranged in an overlapping formation. The usage of stainless steel 
screws, sealing rings or sealing screws can prevent corrosion. A further advantage is the detachability of such bolt 
connections. Therefore, they are easy to maintain and replaceable. They are dynamically loadable and allow high 
speed ratios. Fitting screws are suitable for shear loading. The method of screwing is well established in the building 
industry due to its high flexibility and its manageable installation effort. That is why they are perfectly suitable for 
construction sites (Hipke et al. (2007)).  
The sandwich principle can optimally be used by a bolted connection as both top layers can be included for load 
transmission. That qualifies them especially for visible fixations, which are accessible from both sides. Figure 2 and 
3 shows exemplarily two bolt connections collectively developed by Fraunhofer IWU and Flaig + Hommel GmbH. 
 
 
Figure 2. Bolt connections 
 
Figure 3. Example for sandwich insert for bolt connections 
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3.3. Shielding Efficiency 
Electronic devices create disturbing noise emissions spreading out as electromagnetic waves with or without 
carrying medium. These emissions can transport just processed information, which unintentionally might be 
accessible to third parties. The electromagnetic emissions of the equipment as well as of the transmitter masts and 
energy lines can be weakened by electromagnetically shielding construction material.  
Metal surfaces show high electromagnet attenuation. As they reflect electromagnetic waves almost completely – 
as long as adequate thickness is given – the penetration depth of the waves is in a range of only a few micrometers 
(Frenkel et al. (2008)). Aim of current projects was to determine the attenuation of shielding of aluminum foam 
semi-finished products according to EN 50147-1 in the frequency range of 1 kHz up to 1 GHz and to compare the 
impact with that of other common building materials. Therefore, foam and sandwich plates with dimension 400 x 
400 mm2 and different heights were produced and tested. The experimental arrangement is shown in Figure 4. 
The samples subject for testing are placed in a fully-anechoic room that is equipped with ferrite tiles and partially 
foam-absorbers. The samples are mounted by a specially designed fixation on one side of the foam-absorber. The 
field strength is determined by means of two measurements (with and without shielding), which are subsequently 
used to calculate the shielding attenuation. 
The attenuation of shielding for all semi-finished parts is very high and amounts to over 60 dB. That equals a 
shielding level of 99.9999 % (Metzger (2012)). 
3.4. Acoustic 
Building materials often need to fulfill acoustic requirements besides static tasks. Especially the parameters 
airborne sound and footfall sound insulation as well as sound absorption are of interest. The requirements are 
regulated in DIN 4109 (DIN means German Institute for Standardization). They call for a 37 dB airborne sound 
insulation for walls in office buildings. For the airborne sound and footfall sound insulation of ceilings 52 dB is 
required.  
Single sandwich panels with aluminum foam core (2 mm steel cover sheets, 30 mm aluminum foam core) do not 
meet these requirements. A double-shelled sandwich construction with absorber material in between meets the 
requirements for walls with measured 51 dB very well. The requirements for a ceiling structure were narrowly 
missed. An improvement of airborne sound insulation can be realized by using thicker cover plates (e. g. 3 mm). 
Pure Aluminum foam has a negligible sound absorption coefficient and is therefore not suitable for sound 
absorption (Gesellschaft (2013)). 
3.5. Fire Protection 
Aluminum foam sandwich panels are still relatively expensive compared to conventional building materials. That 
is why the function of a sandwich should not be limited on bearing the load but provide other functions such as 
burning resistance.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Test of shielding effectiveness (Metzger (2012)) 
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Figure 5. Double-shelled sandwich construction with absorber material (Gesellschaft (2013)) 
 
 
Figure 6: Sandwich assembled in a fire chamber 
The combat of emerging fires can be realized by sprinkler systems. However, water damage can occur in case of 
fire which usually causes high renovation costs. Another solution is to cool the walls around the source of fire, thus 
restricting the fire source locally. For this case walls and ceiling must be equipped with a cooling system or with a 
water through-flow piping system.  
In order to meet this demand, sandwiches with steel pipes inside the foam core have been created. A material 
bond between foam and pipes enables a good heat transfer. Figure 6 shows the assembly of a sandwich in a fire 
chamber for test purposes. The objective of the initial tests was to determine the temperature behavior at the side 
facing the fire and the outer side. The temperatures were monitored by thermo couples at the water intake and water 
outlet as well as on both sides of the sandwich. 
The fire chamber was heated to the required temperature with two gas fired burners and the water flow rates were 
adjusted via water meter and pressure gauge. 
In the tests, the temperature in the combustor was gradually increased and stationary conditions were set at 600, 
900 and 1000 °C (Figure7). By adapting the water flow rates regardless of the combustion chamber temperature an 
almost constant temperature at the outer surface of the tested sandwiches could be maintained. Average 
temperatures were 150 °C. Despite a few temperature peaks, which resulted in the change of the flow rates, the 
conditions mentioned in DIN 4102-2 for the fire resistance class F 90 have been kept. The standard notes that for 
fulfilling the requirements of the fire resistance class F 90 the test temperature of the components needs to be 986 K 
above the temperature at the start of the test. Moreover, the component needs to pass the test at least 90 minutes 
without component failure. The average temperature of the composite may not be higher than 140 K above the start-
up temperature on the opposite side of the fire. A temperature increase of more than 180 K above the start-up 
temperature my not occur at any measuring point outside. 
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Figure 7: Temperature cycles curing a fire test 
It is worth remarking that the foam inside the sandwich tolerated the high temperatures of approx. 700 °C on the 
fire side. The temperature inside the foam did not exceed 300 °C, the foam structure did not collapse and the 
bonding between foam and sheet was never lost. 
In further experiments the piping system will be optimized in order to achieve a good cooling performance 
combined with minimum use of materials. 
4. Conclusion 
The main application field of aluminum foam elements can be found in the industrial building industry, 
especially at building halls. In fact, here sandwiches can be particularly used as wall and ceiling composites. 
Functions like noise, fire and EMV protection can be integrated. 
First prototypical applications support this statement and it is expected that cellular metals shall be paid more 
attention to in the future for its function as a “building material”. However, until then there is still a long way to go. 
The adaption of aluminum foam semi-finished products to construction-specific requirements and the acceptance of 
such semi-finished products are just representative examples. 
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